N95- 23425 


Abstract of a proposed presentation at the Workshop ' 

for CFD Applications in Rocket Propulsion to be held 
at NASA Marshall Space Flight Center, AL, April 20-22, 1993. 

/99s' moos' 

Three-dimensional unsteady flow calculations in an 
advanced Gas Generator turbine 
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Abstract 

This paper deals with the application of a three-dimensional, unsteady Navier-Stokes 
code for predicting the unsteady flow in a single stage of an advanced gas generator turbine. 

The numerical method solves the three-dimensional thin-layer Navier-Stokes equations, 
using a system of overlaid grids, which allow for relative motion between the rotor and 
stator airfoils. Results in the form of time averaged pressures and pressure amplitudes on 
the airfoil surfaces will be shown. In addition, instantaneous contours of pressure, mach 
number etc. will be presented in order to provide a greater understanding of the inviscid 
as well as the viscous aspects of the flowfield. Also, relevant secondary flow features such 
as cross-plane velocity vectors and total pressure contours will be presented. Prior work in 
two-dimensions has indicated that for the advanced designs, the unsteady interactions can 
play a significant role in turbine performance. These interactions affect not only the stage 
efficiency but can substantially alter the time-averaged features of the flow. This work is 
a natural extension of the work done in two- dimensions and hopes to address some of the 
issues raised by the two-dimensional calculations. These calculations are being performed 
as an integral part of an actual design process and demonstrate the value of unsteady 
rotor-stator interaction calculations in the design of turbomachines. 
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THREE-DIMENSIONAL UNSTEADY FLOW CALCULATIONS 
FOR AN ADVANCED GAS GENERATOR TURBINE 

(Preliminary results) 
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OXIDIZER TURBINE BASELINE DESIGN 
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THEIR USE IN THE DESIGN PROCESS OF A TURBOMACHINE 


Computational Details 
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Turbulent eddy viscosity computed using Baldwin-Lomax 


Boundary conditions 
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Study of accuracy 
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Nonlinear rotor-stator interactions 




Figure Hot -streak calculation: original and adapted grids for the stator 
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Figure Hoi -streak calculation: original and adapted grids for the rotor 
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MACH CONTOURS OBTAINED FROM A STRUCTURED METHOD (STAGE-2) 
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Preliminary 3D Results for the GGOT 
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Geometry Rescaling 
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Number of rotor blades 
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Turbine operating conditions 
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Pressure Coefficient (Pstatic/Ptotal) 
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Pressure Coefficient (Pstatic/Ptotal) 
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Pressure Coefficient (Pstatic/Ptolal) 
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Pressure Coefficient (Pstatic/Ptotal) 
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MACH CONTOURS AT 40% SPAN 
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Summary and conclusion 
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